I claim: 


1. An apparatus to measure emission time delay during irradiation of 
targeted samples by utilizing digital signal processing to determine toe 
emission phase shift caused by the sample, said apparatus comprising/ 

a source of electromagnetic radiation adapted to irradiate a tara^t sample; 

means for generating first and second digital input sigrfals of known 
frequencies with a known phase relationship; / 

means for converting said first and second digital/input signals to analog 
sinusoidal signals; / 

means for directing said first inpwKsignal tc/said electromagnetic radiation 
source to modulate said electromagj^tic/adiation source by the frequency 
thereof to irradiate said target samplq and generate a target sample emission; 

means for detecting said target sample emission and producing a 
corresponding first output signal having a phase shift relative to the phase of 
said first input signal, said phase shift being caused by the emission time 
delay in said sample;/ 

means for producing a known phase shift in said second input signal to 
create a secopra output signal; 

means^for converting said first and second analog output signals to digital 
signal; 

/a mixer for receiving said first and second digital output signals and 
/ comparing the signal phasejglatioash^ t o p ro rl nre a signa l. 
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digital output signal and generating an adjustment output signal therefrom, 
and means for varying the phase of said fifth digital signal basedpn^said 
adjustment output signal to place said fifth digital signal apck^aid first digital 
output signal in quadrature to c&termine th^pttase shift caused by the 
emission time delay of said targetfiq^aitpe. 

22. The apparajw^as claimed in claim 20, wherein said signal generation 
means isvd^apted to create said first and second input signals with 
substantially the same frequencies and said third input signal with a 
;u bstantjally-dige^s nt froquoncy M - 


An apparatus to measure emission time delay during irradiation of 
targeted samples by utilizing digital signal processing to determine the 
emission phase shift caused by the sample, said apparatus comprising: 

a source of electromagnetic radiation adapted to irradiate a target sample; 

means for generating first and second digital input signals of known similar 
frequency and phase offset; 

means for generating a third digital input signal having a frequency 
different from said first and second digital input signals; 

means for converting said first, second and third digital input signals to 
analog sinusoidal signals; 

means for directing said first input signal to said electromagnetic radiation 
source to modulate said electromagnetic radiation source by the frequency 
thereof to irradiate said target sample and generate a target sample emission; 

means for detecting said target sample emission and producing a 
corresponding first intermediate signal having a phase shift relative to the 
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phase of said first input signal, said phase shift being caused by the 
irradiation time delay in said sample; 

means for producing a known phase shift in said second input signal to 
create a second intermediate signal; 

first signal down conversion means for combining the frequency of said 
third input signal with the frequency of said first intermediate signal to produce 
a first output signal representing the sum and difference frequencies between 
said first intermediate and said third input signals; 

second signal down conversion means for combining the frequency of 
said third input signal with the frequency of said second intermediate signal to 
produce a second output signal representing the sum and difference 
frequencies between said second intermediate and said third input signals; 

means for filtering out the sum frequency of each said first and second 
output signals; 

means for converting said filtered first and second analog output signals to 
digital first and second output signals; 

means for generating a fourth digital signal having a frequency the same 
as said second output signal; 

means for mixing said second digital output signal with said fourth digital 
signal to create a feedback signal to said fourth signal generation means to 
adjust the phase of said fourth digital signal until it is in quadrature with said 
second digital output signal; 

means for generating a fifth digital signal having a frequency substantially 
the same as said fourth digital signal; 

means for mixing said fifth digital signal with said first digital output signal 
and generating an adjustment output signal therefrom; and 
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means for varying the phase of said fifth digital signal based on said 
adjustment output signal to place said fifth digital signal and said first digital 
output signal in quadrature to determine the phase shift caused by the 
emission time delay of said targeted sample. 

The apparatus as claimed in claim ,23, wherein said signal generation 
means is adapted to create said first and second input signals with 
substantially the same frequencies and said third input signal with a 
substantially different frequency than said first and second input signals. 


4 


The apparatus as claimed in claim ^ wherein said targeted sample 
comprises a fluorescent sample exposed to a light source modulated by said 
first input signal to cause said sample to generate fluorescence emissions 
having said phase shift. 

i ( 

jfd. The apparatus as claimed in claimj?^, wherein said targeted sample 
comprises turbid media exposed to a light source modulated by said first input 
signal to cause said sample to emit time delayed scattered radiation having 
said phase shift. 

/ 

^r. An apparatus to measure emission time delay during irradiation of 
targeted samples by utilizing digital signal processing to determine the 
emission phase shift caused by the sample, said apparatus comprising: 
a source of electromagnetic radiation adapted to irradiate a target sample; 
means for generating first and second digital input signals of known 
frequencies with a known phase offset; 

57 


means for converting said first and second digital input signals to analog 
sinusoidal signals; 

means for directing said first input signal to said electromagnetic radiation 
source to modulate said electromagnetic radiation source by the frequency 
thereof to irradiate said target sample and generate a target sample emission; 

means for detecting said target sample emission and producing a 
corresponding first output signal having a phase shift relative to the phase of 
said first input signal, said phase shift being caused by the emission time 
delay in said sample; 

means for producing a known phase shift in said second input signal to 
create a second output signal; 

means for converting said first and second analog output signals to digital 
signals; 

means for generating a third digital signal having a frequency the same as 
said second output signal; 

means for mixing said second digital output signal with said third digital 
signal to create a feedback signal to said third signal generation means to 
adjust the phase of said third digital signal until it is in quadrature with said 
second digital output signal; 

means for generating a fourth digital signal having a frequency 
substantially the same as said third digital signal; 

means for mixing said fourth digital signal with said first digital output 
signal and generating an adjustment output signal therefrom; and 

means for varying the phase of said fourth digital signal based on said 
adjustment output signal to place said fourth digital signal and said first digital 
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output signal in quadrature to determine the phase shift caused by the 
emission time delay of said targeted sample. 


comprises a fluorescent sample exposed to a light source modulated by said 
first input signal to cause said sample to generate fluorescence emissions 
having said phase shift. 


^""25"! rfie apparatus as claimed ia claim 27, wherein saidtargetgd-^amptS" 
comprises a fluorescentsample-^ a light source modulated by said 
first^iaptirl^ to cause said sample to generate fluorescence emissions 
(B^o flg ' Oa i d phaoc o h i ft - . - , - — ■ — 


An apparatus to measure emission time delay in real time during 
irradiation of targeted samples by utilizing digital signal processing to 
determine the emission phase shift caused by the sample, said apparatus 
comprising: 

a single analog timing-base element to generate a digital clock signal; 
a multiphase frequency generator synchronized to said digital clock 
signal; 

means for converting outputs of said frequency generator into a first 
sample analog signal and a second reference analog signal, said 
converting means being synchronized to said digital clock signal; 

means for generating known phase shift in said second reference 
analog signal; 
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means for generating unknown phase shift in said first analog signal by 
directing said first analog signal through said targeted sample; 

means for converting phase shifted analog signal and reference signal 
into respective digital signals, said means synchronized to said analog 
timing element; and 

means for comparing the phase of said first sample and said second 
reference digitized signals at quadrature in a digital mixer element, said 
mixer element being synchronized to said analog timing element. 

Jtfi. The apparatus as claimed in claim £Cf, wherein said targeted sample 
comprises a fluorescent sample exposed to a light source modulated by said 
first sample analog signal to cause said sample to generate fluorescence 
emissions having said phase shift. 


32. The apparatus as claimed in claim 30, wherein saia xargerech 

comprises a fluorescent samplee^gose^J^ by said 

first saniple--aTTal^ to cause said sample to generate fluorescence 
yssions having said phase shift. 

The apparatus as claimed in claimjk^ wherein said analog timing 
element comprises a crystal oscillator. 


A method for measuring 
targeted samples by utilizing 


ussion ti me de l ay Uuiii r g ^lrgirn 


emu 


rocessing for determining the 
phase shift caused by irradiation of the sample, said method 
risw€U he_stepsj3i: - — 
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down converting said Tirst signal by ccihnbinlny the frequency ot said third 
input signal with the frequency of said first intermediate signal to produce 
first output signal representing the sum and difference frequencies of saignirst 
intermediate and said third input signals; 

producing a known phase shift in said second input signal/fo create a 
second intermediate signal; 

down converting said second signal by combining {p6 frequency of said 
third input signal with the frequency of said seconjf intermediate signal to 
produce a second output signal representina/the sum and difference 
frequencies of said second intermediate and s^id third input signals; 

converting said first and second apaog^output signals to digital signals; 
mixing said first and second dig/tal output signals and comparing the 
signal phase relationship therebetween to produce a mixer signal indicative of 
the change in phase relationship between said first and second output signals 
caused by said target sample emission; and 

simultaneously altering the frequencies of said first and second input 
signals while substantially continuously varying the phase offset between said 
first and secopra input signals based on said mixer signal and to alter the 
frequencv/of said third input signal to achieve desired downconversion 
frequency of said first and second output signals to ultimately place said first 
fd second output signals in quadrature while compressing the frequency 
ra n g ethe[ebetofl£eeRr- 


A method for measuring emission time delay during irradiation of 
targeted samples by utilizing digital signal processing to determine the 
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emission phase shift caused by the sample, said method comprising the 
steps of: 

generating first and second digital input signals of known frequencies with 
a known phase offset; 

converting said first and second digital input signals to analog sinusoidal 
signals; 

directing said first input signal to an electromagnetic radiation source to 
modulate said electromagnetic radiation source by the frequency thereof; 

irradiating said target sample with the modulated emissions of said 
electromagnetic radiation source to generate a target sample emission; 

detecting said target sample emission and producing a corresponding first 
output signal having a phase shift relative to the phase of said first input 
signal, said phase shift being caused by the emission time delay in said 
sample; 

producing a known phase shift in said second input signal to create a 
second output signal; 

converting said first and second analog output signals to digital signals; 

generating a third digital signal having a frequency the same as said 
second output signal; 

mixing said second digital output signal with said third digital signal to 
create a feedback signal to adjust the phase of said third digital signal until it 
is in quadrature with said second digital output signal; 

generating a fourth digital signal having a frequency substantially the 
same as said third digital signal; 

mixing said fourth digital signal with said first digital output signal and 
generating an adjustment output signal therefrom; and 
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varying the phase of said fourth digital signal based on said adjustment 
output signal to place said fourth digital signal and said first digital output 
signal in quadrature to determine the phase shift caused by the emission time 
delay of said targeted sample. 
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indicative of the change in phase relationship between said first and seconcr 
output signals caused by said target sample emission; and / 
feedback means to alter the phase of the second input signal based on 
said mixer signal to ultimately place said first and second output signals in 
quadrature. / 

2. The apparatus as claimed in claim 1, wherein safid feedback means 
simultaneously alters the frequencies of said first ana second input signals 
while substantially continuously varies the phase offset between said first and 
second input signals based on said mixer signaff to ultimately place said first 
and second digital output signals (\n quadrature while compressing the 
frequency range therebetween. V\/ 

3. The apparatus as claimed ir/claim 2, wherein said signal generation 
means comprises a multiphase oscillator adapted to generate said input 
signals at specified frequencies and specified phases in response to said 
mixer signal. / 

4. The apparatus as claimed in claim 3, wherein said feedback means 
comprises a long pass filter for extracting and amplifying said mixer signal, 
and wherein said multiphase oscillator includes a frequency calculator for 
adjusting frequency of said input signals and a phase calculator for adjusting 
the/relative phase said variable input signals. 

6. The apparatus as claimed in claim 1, wherein said signal generation 
means is ad apted to genera te a third input signaLja^^ apparatus" 
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further comprises a first signal down conversion means positioned for" 
combining the frequency of said third input signal with the frequency of said 
first analog output signal to produce a modified first output signal representing 
the sum and difference frequencies of said first output and said third/input 
signals, and a second signal down conversion means positioned for 
combining the frequency of said third input signal with the frequency of said 
second analog output signal to produce a modified second output signal 
representing the sum and difference frequencies of sap second output and 
said third input signals, said analog-to-digital conversion means converting 
said first and second modified output signals to digital signals. 


6. The apparatus as claimed claim 5, jwherein said mixer includes means 
for filtering out the sum freque^gsf of the first output and third input signals 
and the sum frequency of the s^nd output and third input signals so that 
said analog-to-digital conversion means digitizes only the said difference 
frequencies of the output signals and said mixer compares the phase of only 
the difference frequency between the first output and third input signals with 
the difference frequenc/between the second output and third input signals. 


7. The apparatus as claimed in claim 6, wherein said apparatus further 
comprises mesms for generating a fourth digital signal having a frequency the 
same as said second output signal, means for mixing said second digital 
output signal with said fourth digital signal to create a feedback signal to said 
fourtn signal generation means to adjust the phase of said fourth digital signal 
itil it is in quadrature with said second digital output signal, means for 
gengj^trng^ nnn digital signar 
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Igysubstantially the same as 


^^-saiaTourth digital signal, means for mixing said fifth digital signal with saicrfirst" 
digital output signal and generating an adjustment output signal therefrom^ 
and means for varying the phase of said fifth digital signal based on/said 
adjustment output signal to place said fifth digital signal and said fu4i digital 
output signal in quadrature to determine the phase shift caused by the 
emission time delay of said targeted sample. / 

8. The apparatus as claimed in claim 7, wherein said signal generation 
means comprises a multiphase oscillator havinq/a frequency calculator 
adapted to generate and adjust the frequencies of said first and second input 
q signals and a phase calculator to adjust the phase of said second input signal 

m in response to said mixer signal, aad a second signal generation means to 

fy create said third input signal frequeiTCy/and wherein said feedback means 

i.fl nf 1/ 

gg comprises a low pass filter for extraWig and amplifying said mixer signal and 

a second frequency calculator foryadjusting the output of said second signal 
ijg generation means. / 


9. The apparatus as qlaimed in claim 1, wherein said mixer comprises a 
phase demodulator, apfd said feedback means includes a low pass filter for 
extracting and amplifying said phase demodulator signal and a phase 
calculator for adjusting the phase of said second digital signal to ultimately 
place said first and second output signals in quadrature. 


10. /The apparatus as claimed in claim 1, wherein said targeted sample 
comprises a fluorescent sample exposed to a light source modulated by said 


first input signal to cause said sample to generate fluorescence emissions 
having said phase shift. / 


11. The apparatus as claimed in claim 1, wherein said targeted sample 
comprises turbid media exposed to a light source modulated b/said first input 
signal to cause said sample to emit time delayed scattej^a radiation having 
said phase shift. 


12. An apparatus to measure emission tipne delay during irradiation of 
targeted samples by utilizing digital stomal processing to determine the 


emission phase shift caused b 
a source of electromagnetic 


itfte sapnple, said apparatus comprising: 
Eatiiation adapted to irradiate a target sample; 
means for generating first/fand second digital input signals of known 
frequencies with a known phase offset; 

means for converting/said first and second digital input signals to analog 
sinusoidal signals; 

means for directing said first input signal to said electromagnetic radiation 
source to modmate said electromagnetic radiation source by the frequency 
thereof to irradiate said target sample and generate a target sample emission; 

means for detecting said target sample emission and producing a 
corresponding first output signal having a phase shift relative to the phase of 
said first input signal, said phase shift being caused by the emission time 
felay in said sample; 

means for producing a known phase shift in said second input signal to 


create a secc 
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means for converting said first and second analog output signals to digital 
signals; 

a mixer for receiving said first and second digital output signals 
comparing the signal phase relationship therebetween to produce ^signal 
indicative of the change in phase relationship between said first ^amd second 
output signals caused by said target sample emission; and 

feedback means to simultaneously alter the frequencies of said first and 
second input signals while substantially continuously varying the phase offset 
between said first and second input signals bas^d on said mixer signal to 
ultimately place said first and second outm*ft signals in quadrature while 
compressing the frequency rangje therebetween. 



13. The apparatus as claimed k/claim 12, wherein said apparatus further 
comprises means for directing said first and second output signals individually 
through an antialiasing filtej^prior to said analog-to-digital conversion means. 


14. The apparatus as claimed in claim 12, wherein said signal generation 
means comprises a multiphase oscillator adapted to generate said input 
signals at specified frequencies and to adjust the relative phase of said 
generatednnput signals in response to said mixer signal. 


15. / The apparatus as claimed in claim 14, wherein said feedback means 
further comprises a phase calculator adapted to receive said mixer signal and 
determine relative phase of input signals and a frequency calculator adapted 
Hversaia mixer sicrrrat-^nd-^eteis ^ of said input signals. 
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^ 16. The apparatus as clai med i n Udim 1 2, w li^in la i yete fti sample 
comprises a fluorescent sample exposed to a light source modulated by saj 
first input signal to cause said sample to generate fluorescence emissions 
having said phase shift. 

17. The apparatus as claimed in claim 12, wherein said tefgeted sample 
comprises turbid media exposed to a light source modulated by said first input 
signal to cause said sample to emit time delayed severed radiation having 
said phase shift. 


18. The apparatus as claimed iR claim yz, wherein said signal generation 

lira 


IripOt signal, and wherein said apparatus 
own conversion means positioned for 


means is adapted to generate a th 
further comprises a first signal 

combining the frequency of said4hird input signal with the frequency of said 
first output signal to producer a modified first output signal representing the 
sum and difference frequencies of said first output and said third input 
signals, and a second signal down conversion means positioned for 
combining the frequency of said third input signal with the frequency of said 
second output signal to produce a modified second output signal representing 
the sum an^r difference frequencies of said second output and said third input 
signals,ysaid analog-to-digital conversion means converting said first and 
second modified output signals to digital signals for receipt by said mixer. 

1§k An apparatus to measure emission time delay during irradiation of 
targeted samples by utilizing digital signal processing to determine the 
emission pha je^bjjBLcauae^ by the sample, said app aratus nomprNf^H 
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^^rsoufce of elec tr om agne ti c ra fltmtorc"3ttapted lo irradi ate a la i yel sa mpler 

means for generating first, second and third digital input signals of known, 
frequencies with known phase offsets; 

means for converting said first, second and third digital input sigjaf&ls to 
analog sinusoidal signals; 

means for directing said first input signal to said electromagnetic radiation 
source to modulate said electromagnetic radiation source by the frequency 
thereof to irradiate said target sample and generate a target sample emission; 

means for detecting said target sample emission and producing a 
corresponding first intermediate signal having a jzfnase shift relative to the 
phase of said first input signal, said phase shifLbeing caused by the emission 
time delay in said sample; a / 

first signal down conversion m|a#£ ior combining the frequency of said 
third input signal with the frequency w4aid first intermediate signal to produce 
a first output signal representing ine sum and difference frequencies of said 
first intermediate and said thircnnput signals; 

means for producing a/known phase shift in said second input signal to 
create a second interrnddiate signal; 

second signal down conversion means for combining the frequency of 
said third input signal with the frequency of said second intermediate signal to 
produce a /second output signal representing the sum and difference 
frequencies of said second intermediate and said third input signals; 

rn^ans for converting said first and second analog output signals to digital 
signals; 

/ a mixer for receiving said first and second digital output signals and 
comparing the signal phase relationship therebetween to produce a signal 


indicative of the change in pnase reiationsnip oetween saia Tirst and second 
output signals caused by said target sample emission; and / 
feedback means to simultaneously alter the frequencies of said fksi and 
second input signals while substantially continuously varying the phase offset 
between said first and second input signals based on said mixep^signal and to 
alter the frequency of said third input signal to ^achieve desired 
downconversion frequency of said first and seconp output signals to 
ultimately place said first and second output signals in quadrature while 
compressing the frequency range therebetween. / 

20. The apparatus as claimed f\n claim' 19, wherein said mixer includes 
means for filtering out the sum frequcMrcy of said first intermediate and third 
input signals and the sum frequ of said second intermediate and third 
input signals to enable said anatog-to-digital conversion means to digitize only 
the difference frequencies of/said first and second output signals, said mixer 
comparing the phase of orfly the difference frequency between said first and 
second output signals./ 

21. The apparatus as claimed in claim 20, wherein said apparatus further 
comprises means for generating a fourth digital signal having a frequency the 
same as jraid second output signal, means for mixing said second digital 
output^ignal with said fourth digital signal to create a feedback signal to said 
fourtn signal generation means to adjust the phase of said fourth digital signal 
until it is in quadrature with said second digital output signal, means for 

/ generating a fifth digital signal having a frequency substantially the same as 
said fou itb^krital signal, meaf*s -fo r mi x in g s akUli fth digital signal with said first 
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^ generating first and second digital input signals ot Known rrequencies^ 
having a known variable phase relationship; 

converting said first and second digital input signals to analog siny#6idal 
signals; 

directing said first input signal to an electromagnetic radiaH&n source to 
modulate the emissions of said electromagnetic radiation source by the 
frequency thereof; 

irradiating a target sample with the moduJcited emissions of said 
electromagnetic radiation source to generate a^Jarget sample emission; 

detecting said target sample emission aja£l producing a corresponding first 
output signal having a phase ah\ft rel^uve to the phase of said first input 
signal, said phase shift being packed by the emission time delay of the 
emissions in said sample; 

producing a known phas^ shift in said second input signal to create a 
second output signal; 

converting said first^nd second analog output signals to digital signals; 
mixing said f\x$y and second digital output signals and comparing the 
signal phase relationship therebetween to produce an error signal indicative 
of the chang^ in phase relationship between said first and second output 
signals closed by said target sample emission; and 

altering the phase of the second input signal based on said mixer signal to 
ultimately place said first and second output signals in quadrature. 


The method as claimed in claim 34, wherein said mixer signal alters 
the frequencies of said first and second input signals while continuously 

Varying the phase nff ^ h f»*WftP n -gairf-fiml 1 ^rw+^rnnH inp^t signals tn_ 
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ultimately place saia nrst anas 
compressing the frequency range therebetween. 


■ in - q u adra toUT while 


36. The method as claimed in claim 34, wherein said methoer further 
comprises the steps of generating a third input signal with s^id first and 
second input signals, down converting said first analog cfutput signal by 
combining the frequency of said third input signal with t|tfe frequency of said 
first analog output signal to produce a modified first ydvpui signal representing 
the sum and difference frequencies between sajef first output and said third 
input signals, and down converting said second analog output signal by 
combining the frequency of said Jjiird inpur signal with the frequency of said 
second analog output signal toip'fcpdyce a modified second output signal 
representing the sum and differenfc&frequencies between said second output 
and said third input signals, sajfl first and second modified output signals 
being converted to digital signals 

37. The method as claimed in claim 36, wherein the sum frequency of the 
first output and third input signals and the sum frequency of the second output 
and third input signals are filtered out so that only the difference frequency 
between the firgt output and third input signals is mixed and phase compared 
with the difference frequency between the second output and third input 
signals. 


38. / The method as claimed in claim 36, wherein method further comprises 
the step of generating a fourth digital signal having a frequency the same as 
said second output signal, mixi ne^sajs Lse eond d i a i t a J -au tout signal withjs aid — ^ 
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fourth digital signal to create a feedback signal to said fourth signal 
generation means to adjust the phase of said fourth digital signal until it is \y 
quadrature with said second digital output signal, generating a fifth digital 
signal having a frequency substantially the same as said fourth digiter signal, 
mixing said fifth digital signal with said first digital output signal to^fenerate an 
adjustment output signal therefrom, and varying the phase o^said fifth digital 
signal based on said adjustment output signal to place saia fifth digital signal 
and said first digital output signal in quadrature to determine the phase shift 
caused by the irradiation of said targeted sample. y 

39. A method for measuring emission yfime delay during irradiation of 
targeted samples by utilizing pgjjal signal processing to determine the 
emission phase shift caused \sf sample, said method comprising the 
steps of: y 

generating first, second /and third digital input signals of known 
frequencies with known pha^e offsets; 

converting said first/second and third digital input signals to analog 
sinusoidal signals; y 

directing said firet input signal to an electromagnetic radiation source to 
modulate said electromagnetic radiation source by the frequency thereof; 

irradiating said target sample with the modulated emissions of said 
electromagnetic radiation source to generate a target sample emission; 

detecting said target sample emission and producing a corresponding first 
intermediate signal having a phase shift relative to the phase of said first input 
/ signal, said phase shift being caused by the emission time delay in said 
sa mple; . 
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